Besides serving a signaling function, the development of colorful feathers can have a 77 physical influence on feather microstructure. For example, deposition of melanin can directly 78 affect the physical properties of the feather by improving resistance to abrasion (Burtt, 1986;  79 Roulin et al., 2013) , and decrease bacterial and lice-chewing degradation (Burtt, 2009;  80 Gunderson et al. 2008; Kose et al., 1999 ; but see Grande et al. 2004) . Recent studies also 81 suggest that populations may adaptively increase feather melanization when exposed to (Vágási, Pap & Barta, 2010) . Feather production is a 100 demanding process in terms of time and resources, and molting individuals may be exposed 101 to trade-offs with other costly activities such as reproduction (Bensch et al., 1985; Siikamäki , 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w   6 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
222
Feather structure varied significantly across populations (Table 3 
224
with lower proportion of plumulaceous barbs (Post-hoc Tukey tests, both P<0.001; Table 1 ).
225
Feathers from southernmost and northernmost birds did not differ from each other (Post-hoc
226
Tukey test, P=0.98; Table 1 ; Fig. 1 ). Neither age, sex nor their interactions had any effect on 227 feather structure (Table 3) . Feather structure correlated negatively with plumage hue, after 228 correcting for the number of feathers used in measuring the color, so that birds with a more 229 greenish plumage (higher hue) had less dense but longer feathers (Table 3 ; Fig. 2 ). Chroma,
230
brightness and UV reflectance were not affected by feather structure (Table 3) 
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Despite recent demographic studies suggesting that the northern population is a "sink" 
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